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smMARY

An investigation of three NACA l-series nose $nlets was conducted
at subsonic and transonic speeds in the Langley 8-foot transonic tunnel.
Drag, surface-pressure, and pressure-recover# measurements and schlieren
photographs were obtained at zero angle of attack through a Mach number
range extending from about 0.6 to 1.1, and for a mass-flow-ratio range
extending from about 0.2 to the choking values. Additional pressure-
recovery measurements were made at 4°, 7°, and 10° angle of attack.

The test results showed that throughout the Mach number range,
large increases in additive drag which resulted from reduction of the
mass-flow ratio were accompanied by only moderate increases in the
external drag. The external drags of the three inlets at the choked
condition were less than those of a well-shaped solid body at all Mach
numbers except for the case of the two shorter inlets at the supersonic
Mach numbers above about 1.05. me drag characteristics of the three
inlets were not greatly different throughout the subsonic Mach number .
range, but an appreciable effect of inlet proportion on the drag”at
supersonic speeds was found. At zero angle of attack, there was little
effect of diffuser geometry or Mach nwnber on the press~e recovery
when expressed as a tunction of the relative mass flow. High pressure
recovery was measured in every case when the relative mass-flow ratio
was less than about O.~. The observed choking values of mass-flow
ratio were within about 2 percent of the theoretical one-dimensional
values. Adverse effects of angle of attack on the pressure recovery
and on”the choking values of mass-flow ratio were indicated. ..

IN’TRODUYTION

.

The nose air inlet continues to be of interest to the airplane
designer because it can be designed to provide low drag and high
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pressure recovery at subsonic and the lower supers”onic..speeds and ‘“”
because information obtained for it generally can be applied in the
design of the other types of inlets. ..

Nose-inlet-design information forthe subcritical”speed range (no-
local sonic velocities) was obtained in the investigationsreported in
references 1 and 2 for NACA l-series nose inlets with &d without central
bodies. Several investigationsof the performance of=these inlets at
supercritical Mach numbers extending up to about 0.94 ~d at the low
supersonic Mach number of 1.2 followed (refs. 3 to 5). This later work ...—.
showed that large differences in the Mach number of the stat of the
transonic drag rise and in”the magnitude of the transonic drag rise
resulted with changes tithe nose-inlet proportions. The more favora-
ble drag characteristicswere observed for_the inlets of greater length
or diameter ratio, with length ratio being ‘themore significant varla-.
ble. An investigation throughout the transonic range af the drag char- -
acteristics of nose inlets of length ratio greater thag those of the. _______
inlets previously studied therefore became desirable. ‘In addition,

.-

information concerning the’transonic pressure-recovery characteristics
of nose inlets operating at high angles of attack and with entry Mach
numbers near unity also was needed. A research prograq-was therefore .
undertaken in the Langley 8-foot transonic tunnel in order to study

—

the transonic drag and pressure-recovery characteristic of a group of
NACA l-series nose inlets which includes several of”retitively large
length and diameter ratio.

After the present.program had started, results bec&.meavailable
.

(ref’s.6 and 7) which indicated that the minimum external drag of a
ducted body incorporating an NACA l-series nose inlet of high length
ratio was reduced at Mach numbers above about 1.15 by a-combination *
of reducing the curvature of the external-inlet profileand a sharpening
of the inlet lips. The drags of the modified Inlet bodies, however,
were higherthan that of the NACA l-series inlet bodies below this Mach ...
number and were affected somewhat more adversely In all.-speedranges :
by changes in flow angle at the inlet lip such as would”be caused by
changes in inlet mass-flow ratio or perhaps angle of attack. Thus,
the NACA l-series nose inlets still appeared to be of direct interest.
for transonic airplanes and for airplanes required to operate effi- - - ---
ciently in climbing or maneuvering flight at low supersonic speeds
(perhaps up to a Mach number of 1.4). The program was therefore.con-
tinued essentially as originally planned except for the incorporation
of some additional studies of--theeffects of inlet profile.
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The purpose of.this paper is to present the findingq of the fl.rst ~
phase of the program in which three inlets were investigated. Drag and
surface-pressure measurements were made at zero angle of attack through
a Mach number range extending from about 0.6 to 1.1. Pressure-recovery
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measurements were made at
mass-flow-ratio range

A

Asonic
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Ga
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F

stream tube

stream tube

base area,

0°, 4°, f, and 10°
extended from about 0.2

SYMBOLS

or duct area

area for sonic velocity

X 2.10)2, Sqy( in.
+

drag coefficient, Drag/~F

additive-drag

external-drag

pressure-drag

coefficient

coefficient, cDt + cFn

coefficient

Ga
total drag coefficient, B+pB~

v

angle of attack. The
to the choking value. .

net thrust coefficient, *F(V3 - Vo) + (P3 - Po)@

(internal drag when negative)

diameter

maximun body dismeter

3

maximum body cross-sectional area, fiD)2
1(

axial force indicated by strain gage

total pressure

average total pressure

internal-mass-flow rate
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mass~flow ratio, m llo
— =“—
poV&l Al
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M

P

P

Mach number
a

static pressure ‘- -
...--.. --- ----.. . .- .-

P= Po
static-pressure coefficient, —

%

dynamic pressure, ~

radius

radius of circular arc connecting two ’straightsections of
nose inlet diffuser —.

radius of inlet

velocity

axial distance,

semiaxes of the

at leading edgeri

v“

x positive downstream

ellipse of internal lip contour

inlet length, distance

NACA l-series ordinate

angle of attack

air density

x

Yxt

a

P.

from nose to maximum-diameter station
.

.4

—

—
a+ x’ station ‘-

—

.—

-...

:_. Jr
.

.

angle .ofstraight section of diffuser wall measured ~~ _-.—
ea

diffuser axis

Subscripts:i

o free-stream station

1 minimum-area station

r- -—

. . ..- -

-..-.

.-
—.

.
just inside inlet lip

—

.. . .. ..—

.... .. .
-..-.=measuring station

. –’”::k:?

2 pressure-retevery

3 duct-exit station
. .
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4 station in jet where pressure is at free-stream value

B sting fairing base

K stagnation

2 local

sonic conditions

point at inlet lip

corresponding to local Mach ntiber of 1

APPARATIE AND TESTS

in the Langley
test section.

8-foot
A complete

Tunnel.- The investigation was conducted
transonic tunnel which has a 1/9 open slotted
description of the geometry and aerodynamic properties of this test
section can he found in reference 8.

Models.- The three nose inlets utilized for this investigation
were -es in ditieter and had NACA l-series-outer profiles. Fig-
ure l(a) is a sketch of the nose-inlet and central-fairing configura-
tions. The nondtiensional coordinates for the outer profile appear in
reference 1. The coordinates for the internal-lip shapes appear in
table 1, and the duct-area variations from the inlet to the maximum-

&
diameter station are given in figure l(b).

The internal-lip shape specified for NACA l-series nose inlets in
. reference,1 consists of a circular arc, the radius of which is a func-

tion of the inlet-diameter ratio. Test data which are reported in
reference 1 showed.that this radius is too small and that its use
resulted in large negative pressure”peaks near the inlet leading edge. ,
A revision to this circular inner-lip contour was investigated in
reference 1 and other revisions aimed toward improving the internal-
flow characteristics at high mass-flow ratios and angles o“fattack ‘
were investigated in references 2 and 9. It was concluded that further
revisions would be desirable, and a new elliptical inner-lip.fairing
was therefore utilized for the inlets of this investigation, with the
choice of proportions fixed by consideration of the results of the
prior work of references 2 and 9. These proportions are given as a
function of the external-inlet proportions by the following qrbitrsry
equations:

(-x o. 052 0. 0U28
xjj )
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emd

Y’ ( )= Yx t O;65 -“ “2.9&.~

The terms of these equations are explained in figure 2 and in the list
of symbols. , ..—

The nose inlets (fig. 3) were of spun-”aluminync&struction and
were designed to be easily interchangeable.on a commo~ .af’terbod”y,
which was also used in the teats of reference 10. Each nose inlet
was provided with a row of surface pressure orifices which extended
the entire length of the inlet along the ceriter“lineof”the upper sur~
face. Surface-presstie”orifices were al.Soinstalled @n both the upper
and lower inner lips of the inlets. .

For the tests, the nose inlets were mounted.on a ducted afterbody
which was sting-supported in the t~el test section. The afterbody .
was of spti-altiinum construction and was originally designed for.&’
total (closed) afterbody length-to-maximum-diameterrq~io of ?. The
body””was”thencut-off tita-”-point”3 imiximumdiameters Q?om the re@r to .:
provide an exit for the internal flow. A single row of external pres-
sure orifices was placed on the upper surface and a“lti”ed”withthose of

—.

the-inlets. The coordinates for the afterbody may-be found in —
reference 10.

Instrumeritatiori.- Theafterbody assembly was atta;hed to the sting
through”afletie-type itiee-component strain-gage ‘baQnce. (See
fig, 4.) An alwninti fairing surrounded the strain-ga”& internal
assembly and sting back to the exit, with.cgre being taken that clear-
ance was maintained betweeti%he-”internal”assemblyand”the fairing at— ‘:
all points to the rear of the “strain-gagebeams. Thus, all forces on
the nose inlet and afterbody,bbth:internal and exterqQl,.could be ~.
measured by the strain-gage balakce.

-..-.

The mas”s-flow-rate.throughthe system W;E varied <y a throttle
consisting of eight r&ii”al”shutt&rs,“’?lrivenby a rernot~lYcontrolled ‘_
electric motor. . ................... .+= ---

The pressur’e:recoverywassurvejkd near *he maximum-diameter sta- “
tion by rakesconsisting of total-and static-pressure~tubeeplaced at
six angular locations around the annularr.d_uc~.The static-pressure ..=.
tubes were offset 0.3 inch from the ~lqne of.the total-@essure tubes.
The internal flow was also s~eyed at the exit annulu~..bya cruciform -
rake of total- and static-presswe tubes which was mo~ted on the sting.
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The pressure leads from the nose-inlet surface pressure orifices,
afterbody orifices, and pressure-recovery rakes were ducted fro?hthe “
outside shell of the Uodel through hollow struts to the internal assembly
and thence throu@”the sting. The tubing and electrical leads were so .

tightly packed in the sting that no appreciable amount of leakage flow-
through the sting was expected. The afterbody “is.shom-partly assembled “ “-.
in figure 5.

,,,.,

Tests.- Drag data were obtained at’zero angle of attack through a—.
Mach number range &ctending from about 0.6 to 1.11. Pressure-recovery”
,measurementswere made for the same Mach number range at zero angle of
attack for all three inlets; and at the.additiotil angles of attack of
4°, ?, and 100 for the NACA 1-40-200 and 1-40-400 nose inlets. The -
procedure during tests consisted of holding the angle of attack and ‘.“:
stream Mach number constant and recording data at various mass-flow

—.—

ratios. .— ——

At zero angle of attack, drag data from the strain gage were
manually recorded and all pressure readings were recorded photographi- ‘:- ““
tally from a multitude manomet~ board. —

.

No force data were recorded at angies of attack other than zero -
because of erratic interference between th~,pressure leads and the sting
in the region where the pressure leads entered the sting from the
pressure-tube struts. At zero angle of attack, this interference was’-” ,.

present but calibrations of the drag beam showed that the interference .. ..
was consistent and it was therefore accounted for in the final . ...
calibration.

The angle of attack of the model was set and checked during runs .
by means of a cathetometer. Free-stre~ temperat~e was recorded and
maintained sufficiently high to avoid condensation effects in the tunnel
test section. The
the tests is shown

2.3x lo6t0 2.7x

Refio~- nmber variation with-the Mach number of “ -
in reference 10, and it ranged from approxititely

.
106, based on the maximum di~eter.

METHODS
.

External drag.- Since no standard,terminology has been adopted-by
researchers in the discussion of ducted-body force components such as
thrust, internal drag, and efiernal drag, the terminology used in this
paper will be explained in this section.

Fundamentally, the force of primary interest in a ducted-body jet-
engine configuration is the accelerating force acting on the confi~a-
tion. This force is the smmation of the dragwise components of all

--

.
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forces acting on-the configuration and is.equal tothe product of the
mass of the conf.iguration.and its acceleration. This force might be
called the net propulsive force, a quantity which is of necessarily
greater interest than a thrust computed from engine-alone data, sirice~-”-
the designer is always obliged to enclose the engine ~.ithiua faired
surface. Accordingly, the method of presenting ’themeasurements of
the investigation reported in this paper is bas’edon the idea that the.
body drag .quantitiesto be presented must be those to which an engine
thrust known to the designer can be added to obtain the net propulsive
force acting on the body-engine combination,

..-
The axial force indicated by the strain-gage bamce, when corrected

for the force (p - PO)B, is the summation of-the dragwi.seviscous and
gage-pressure forces acting externally an_don the internal duct surfaces

-.
—“

>-.
-. . -.

r
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-.

a
—

-.—

of the model. [This force Ga + (p -

is identical with the net propulsive
a definition of the ducted-body drag

De - Fn

po)~ called Dt in this paper
.—.- -.~

,------.-
force defined above. Accordingly;
De fi required Euch that-

.-

..

=% (1)

.. .,.—-~. . .
The definition of De is thus determined by the definition of the

thrust or internal drag Fn. The usual expression for the thrust of a
turbojet is

&

Fn = m(v~ - Vo) + (P3.- PO)A3 (2) ‘
..

.— —

.,_:

and this quantity, with a reversal of sign, will be defined herein as
internal drag. The physical meaning of this-defin~tion of the external :-%
drag
zero
drag

—
can be shown as follows: Consider a ducted body of,revolution at
angle of attack (fig. 6). The net propulsive force or total ...-.-..
Dt acting on the body is

Dt =Fe+Fi
(3) .-

where Fe is the sununationof the dragwise components of all pressure . “= ““
and viscous forces acting on the external surfaces from stations K
to 3, and Fi is the same summation of the forces-acting on the internal
surfaces. Therefore,

. ..LFe+Fi=De-Fn

. . . . .. ~..
-.

.

. .. ----
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and, substituting for

De = Fe

Fn from (2) yields

( )
+Fi+m V3-Vo +

The momentmn equation frcm stations O to 3

(P3-- PO)A3

is ~itten as follows:

P#o+Da-Fi - P3A3 = m(v3 - Vo)

9

(4)

.

(5)

where Da is the force acting on the streamline OA (fig. 6). Substi-
tuting. Ft from equation (5) into equation (4) gives

De = Fe +Da+ po(Ao - A3)

Let

J‘3 (p - po)2mr dr +.Vef= =
rK

and

(6)

Q’~(P- po)2m dr

where V= is the resultant viscous force acting on the external surface.
Viscous ?orces
equation (6),

on the entering stresm tube are neglected. Then, from

De =fe+da

The external drag as defined in this paper is therefore the swmnation of
the gage-press-e forces acting on the entering stream tube and the gage
pressure and viscous forces acting on the external surface. The former
quantity da has been called the “additive” or “pre-entry” drag. The .

aerodynamic merit (in-the propulsive respect) of ducted-%ody configurations
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,is directly evaluated when De
—

for the configuratio~- considered is >.—

(
algebraically added to the engine thrust m V3 - J’o)+ (P3 - PO)A3”

The external-drag data presented in th~j paper were calculated
c“—”

as follows:
—

.-—

The integration of the exit data was perfofied numerically.
—.- —

Additive draq.- In the absence of a static- and total-pressure
.=

survey across the inlet at station K (fig. 6), the additive drag can-
not be calculated-directly for “~ inlet with a rounded lip. Further-
more, a survey of this kind is impractical because of the variation of
the stagnation-pointpositfon with mass flow. The additive drag was
calculated in this investigationby measuring the static pressure at
the middle oflthe cylindrical section (point B, fig. 6), by assuning
the”flow one-dimensional at station 1, and by graphically integrating
the--pressuredistribution along the surface A.. The momentum equation
written between stations O and 1 yields the force acting along the
fluid surface CAB, and the additive drag (which acts on OA) is thus .
known since the forceacting on ABi$ known.

P#essure drag.- !Fhepressure-drag coefl%ient of any specified “
region of the body surface was obtained by graphically integrating the
measured pressure distributions acting on.the”region considered:

“f ()
2“

Pd~

and, in the calculation of the forebody and total press~ye-drag coeffi-
cients, the additive-drag coefficient was added tw the above integral.

Mass flow.- The surface pressure measured at the cylindrical see- ““‘-”
tion of the duct just-inside the inlet lip (minimum area region) was
used.to calculate the mass-flow ratio at zero_angle of attack. The
pressures measured at the upper and lower lip were averaged, and the
mass-flow ratio was calculated by assuming free-stream total pressure
and one-dimensional flow at.the minimum area.

.
At the angles of attack .—

of 4°, 7°, and 10°) one-dimensional flow at t-be“rninimwnarea could nOt
be assumed, and the mass-flow ratio was obtained from n~erical inte-

...=7..

gration of the exit-rake data. 9

.
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PRECISION OF MEAS~

Mach nmber. - The maximum random error in Mach number caused by
inacc~cieq in pressure measurements is estimated to be no greater
than *0.003. In calculating the Mach number at the tunnel wall, the
local value of total pressure was assumed equal to the free-stream
value. The error thus introduced is negligible at the lower supersonic
Mach numbers and did not exceed +0.002 at the highest test Mach number.

Because of the length of the NACA 1-40-4-00inlet, the inlet fore-
body projected into a region over which the tunnel-empty Mach number
distribution (ref. 8) indicated an appreciable gradient at the highest
test Mach numbers. From the location of the inlet lips to the location
of the maximum body diameter, this tunnel-empty gradient in Mach number
amounted to a Mach number change of 0.022 at’ & = 1.13 (which is ~
slightly greater than the highest test Mach number of the present tests),
and this change diminished to a-negligible amount at ~ = 1.05.

The NACA 1-40-200 and 1-50-200 inlets were located in the test-
section region where the tunnel-empty Mach nmber distribution indicated
a much smaller Mach number increment (0.006) at ~ =-1.13.

External-drag coefficient.- An examination of the scatter of the
data indicated that the random error in the external-drag coefficient
was less than approximately *0.01. Systematic errors are estimated at
less than *0.00~.

Pressure-drag coefficient.- The errors in the pressure-drag coeffi-
cients are difficult to assess. The accuracy of these coefficients was
essentially determined by the accuracy of the forebody pressure-drag
coefficients, which was affected by the assumption of one-dimensional
flow at the inlet (mintium-area)station, by the limited nmnber of
pressure orifices at the inlet lip, and by the uncertainties associated ‘-’
with fairing curves through the scattered pressure-coefficient data
points. The possible error in forebody pressure-drag coefficient was
greatest at the lowest miss-flow ratios, where the probable maximum
error is estimated as approximately +0.015. At high mass-flow ratios,
the probable error is estimated at approximately *O.01. The change in
pressure-drag coefficient resulting from changes in Mach nunber are
believed to be indicated more reliably than the absolute values.

Mass-flow ratio.- The computation of mass-flow ratio was least - - :
accurate at the lowest mass-flow ratio and at the lowest Mach number
where the error was estimated to.be to.06. At the high mass-flow ratios,
the error is less than *O.03.

.

*’”
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Pressure recovery.- The ma@nug .e.rror..~ntotal-pressure ratio is
approximately *0.001. The pressure recovery was wei~ted according to
area:

I

—-.

-+. %,.

The total-pressure ratio as obtained by this ‘integrationw~.less than
that--obtainedby

...

for several trial cases”of the largest total-pressure ‘&adients by 0.02.
The.largest gradients existed for the choking conditio& and, for
uncooked.conditions at zero angle of attackj the difference in the two”””
methods of integration was negligible (about 0.001).

-.
.. . --

.=
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RESULTS AND DISCUSSION

—

. ..-. ..
Tunnel boundary interference.-Tests of reference:10showed that

in the Langley 8-foot transonic tunnel, there was no important tunnel
boundary interference at subsonic Mach numbers on a 66-=_@ch-longbody
of maximum diameter eq~l to that of the inlets of the Tresent inve8-
tigation~ A qualitative indication of the magnitude of’the difference
in the subsonic tunnel interference act~g on.the threg.inlets tested
and the solid body of reference 10 is provided by.tunne-l-wallMach
number distributions. These distributions are presented in figure 7
for the three inlets for the choked condition. The distributions for
other mass-flow ratiosare not shown since the.effect o+ mas$-flow
ratio on the distributionswas negligible except at the higher super-
sonic Mach numbers, where, as will be discussed later, longitudinal
shifts in the position of the reflected bow shock were “iuducedby
changes in the mass-flow ratio. A comparison of the distributions of
figure 7 with those of reference 10 shows that the magnitudes of the
model-induced disturbances at the wall are, for the inlet configura-
tions, equal to or less tha,thgse of the solid body at Mach numbers of ..
about 0.95 and below. At a Mach number of about 1.0, th-edisturbances
of the sho~er inlets at the tunnel wall are slightly greater than
those of the solid body. It therefore seems reasonable to assume that
there was no large subsonic tunnel interference acting on the inlets.

,-.—- -——
—. -.

. .. ..

. .

,.-

.—

As discussed in reference 10, and as shown by the s&face pressure
distributions of figures 8, 9, and 10, reflected compression and expan-
sion waves may be expecte reciable interference in the

.-
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. drag measurements at supersonic speeds, and the discussion of these
measurements which follows below will be supplemented.with a discussion
of the phenomena in that region of the model surface which is unaffected

* by boundary interference. This region is that forward of the model
surface under the influence of the reflected bow shock. All drag data “.. .x,
which are presented in the figures for supersonic Mach numbers are
faired with dashed curves where boundary interference is possible. The

.—

presentation of interference-subjectdrag data in the figures is con-
sidered desirable since the interference is not expected to affect to --- ----
an important degree the variation of drag coefficient with mass-flow
ratio and further, the interference is not expected to preclude a
qualitative indication of the effects of inlet proportions on the fore-
body pressure drag.

Surface pressure distribution.- The effects of mass-flow ratio on
the surface pressure distribution in the region of the inlet lip are .
shown in figures 11, X2, and 13. Although surface irregularities
which were caused by the method of model construction and manufacture
resulted in considerable raggedness in the distributions, it is possible
to observe the important characteristics. The curves in figures 11,””12,
and 13 were faired.consistentlywith the falrings OF the plots which
were integrated in the calculation of the pressure drag. Samples.of
theseplots sre shown in figure 14.

.*

.

For all three inlets, the effects of mass-flow ratio on the exteq-
nal pressures were confined essentially to the region close to the
inlet lip. Poor agreement is shown between the internal pressurecoef-
ficients at the minimum-area station and the critical pressure coeffi-
cient at inlet-choked conditions. This disagreement is primarily the
result of the non-one-dimensionality of the flow at this station. Also,
the pressure coefficient at the minimmn area is very sensitive to changes
in the mass-flow ratio near the choking value, since .-

dpl
—+w as Ml~l.O

()
d m%

.

Pressure distributions over the inlet-afterbody combinations are -
shown in figures 8, 9, and 10 for the extreme test values of mass-flow
ratio. Although the inlet area of the NACA 1-50-200 inlet is more than
60 percent greater than that of the NACA 1-40-200, the difference in
the external curvature of the two inlets was not large enough to produce

.

important differences in the level of the induced velocities. The
pressure distribution of the NACA 1-40-400 nose inlet and afterbody ‘--=:
indicate that low and roughly constant values of induced velocities—

.-
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—
existed over almost all of the-external sdface at the higher mass-flow
ratios. The irregularities in the data “pointswhich .werecausedby
surface irregularities”appear to have been amplified by an increase of
the Mach number upto ~ x 1.0. At the Mach number pf approximately.
1.11, the interference-ofthe tunnel-boundary reflect&d bow sh~ck can
be seen in figures 8, 9, and 10 acting on the body s~face In the region
of x/D of about 2 to 3. There was considerable influence of the mass-
flow ratio on theposition of the reflected shock. As.shown by the
schlieren-photographs in fi~e 15(a), the bow shock moved closer to j –

the inlet and became more curved as the mass-flow ratio was increased.
.

(The grid spacing shown in the photographs is 0.4 inch.) As a resultj

the point at which the reflected bow shock struck the model moved
rearward with increasing mass-flow ratio. “--”-

The pressure distributions of the NACA 1-40-200 -d 1-50-200 nose
inlets indicate the formation of a region Qf supersonic velocities over ...
much of the forebody when the Mach number exceeded .O.$(figs. 8 and 9).
At the lower mass-flow ratios, sharply localized regions of supersonic
flow existed at the inlet lip at lower Mach numbers. ‘At Mo * 0:95~ -
the extensive region of supersonic flow win-probably terminated by a
weak normal shock in the vicinity of the maximum-diameter station, with
subsonic flow extending downstream from this point. !l%iSshock moved ...
rearward with increasingMach number, and was in the schlieren field of
view at M. % 1.0 (fig. 15(b)). At this Mach nmbe~, the flow acceler- ‘
ated to supersonic veloc”iti.esbehind the shock (figs.“fi(d)smd 9(e)),
and was once more compressed to subsonic velocities through a second
nomal shock near the Jet (fig. 15(c)). At M. - 1.022, (fig. 9(f)),
the first shock moved farther downstream, and~ although the PressWe.
distribution indicates the presence of the second shock, it is not
visible in the schlieren photograph (fig. la(c)). The_failure of this .
shock to appear in the photograph may have been c.aused..byimproper
adjustment of the knife edge for this photograph. The”jftistshock had
apparently moved farther downstream at a Mach n~ber of.1,05 (figs. 8(e),
9(g), and 15(c)) andw~ then the onlyn~=~ shock on.the body- ~ls
shock then moved downstream from the jet at a l@ch number of about 1.o8,
with supersonic flow thus acting”.overthe entire external surface down- -
stream from the Hp stagnation region.

The pressure distributions for the NACA 1-40-400 nose inlet (fig. U)
do not indicate the presence of the first of the two nofial shocks dis-.
cussed before because o.fthe very low induced velocities of this profih.

..+
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Figure 15(d) indicates that there was no significant effect of .“
mass-flow ratio on the shock configuration near the jet.

..,.

External drag.- An algost linear increase in external-drag coeffi-–
—-

~..

cient resulted for all three inlets as the mass-flow ratio was reduced ‘-
from the choking value (figs. 16, 17, and 18). The slofieof these curves

.
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was increased with increasing Mach number. There appear to be no
important differences in the effects of maes-flbw ratio on the drag of
each of the inlets.

The variation of the forebody and afterbody pressure-drag coeffi-
cients with mass-flow ratio is shown in figure 19 for the highest test ““
Mach nmnber. The forebody pressure-drag data are essentially free of
tunnel interference at this Mach number, since the bow shock reflection
occurred on the afterbody (see figs. 8 and 9). Both the forebody and
afterbody pressure-drag coefficients were”increased by reduction of the
mass-flow ratio, with the increase of the forebody drag accounting for
most of the increase observed h the external dra& (figs. 16, 17, and
18).

As the mass-flow ratio of a nose inlet is reduced from the choking
value, the additive drag increases largely because of the decrease in
area of the entering stream tube. At the same the, the local angle of
the flow at the inlet lip is”increased, resulting in the formation of a
region of low pressures on the external surface “ofthe inlet lip. The
formation of this region largely compensates for the increase in the
additive drag, as is shown by the comparison of the additive drag and
the external-drag increment due to the reduction of the mass-flow ratio
from the choking value (figs. 20, 21, and 22). These figures show that
throughout the Mach number range, large increases in the additive drag
were accompanied by only moderate increases in the external drag.

The effect of Mach number on the sum of the forebody and afterbody
pressure-drag coefficient and on the external-drag coefficient measured
by the force balance is shown in figure 23 for the inlet-choked condi-
tion. The difference between the two curves is the skin friction con-
tribution to the drag. ...

The external-drag curves of’figure 23 and the drag cm?ve for the
well-shaped solid body of reference 10 are compared in figure 24. The
drag coefficients of the ducted bodies were less than those of the
solid body at all Machnumbers except in the case of the two shorter
inlets at the supersonic Mach numbers above about 1.05. The drag of
the shorter inlets would logically be expected to be lower than that of
the solid body at subsonic Mach numbers because of the smaller amount
of wetted surface area. The.reason for the lower subsonic drag of the
NACA 1-40-400 inlet is explained by the fact that the afterbody pres-
sure drags of the inlet bodies were less than those of the solid bodies
(compare fig. 26 with fig. 17 of ref. 10). The pressure distributions
of figures 8, 9, and 10, when compared with those of reference 10,
indicate that the absence of exiting flow from the base of the solid
body resulted in
the model base.

lower pressures ac~ing over the external surface near .—
>.L-

--;=+.
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The subsonic drag rise, as “observedbetween Maoh.humbers ‘of
about 0.9 and 1.0, was similar for the solid body and the NACA 1-40-400
inlet; a slightly larger rise is”indicated for the two shorter inlets$
The curves for the khree inlets are.not greatly different throughout .
the subsonic Mach number range.-For subsonic applications, therefore,
the zero angle-of-attack data of figure24 indicate that the choice of
the inlet profile, within the range of inlet proportiofi investigated,
need be governed only by internal ducting aud structuralconsiderationg.
For blunter proportions, however, local regions of supersonic flow and
strong normal shocks may be induced at subsonic Mach ~bers, as was
shown by the tests of reference 3. !l%oof t-heinlets of these testg
were of relatively blunt proportions: the NACA 1-65-o~o and 1-50-100
nose inlets,,and severe subsonic’dragrises were indicated for these
shapes. The NACA 1-40-200 nose inlet was a~80 studied-in reference.3.
No subsonic drag rise was found for this inlet except for a small

—.

—.-.
6*

:.-.

-.—

-
.—

. .._.—

increase”at the-highest test Mach number (0.~h).
this last test point indicated.an incipient sharp
ure 24 shows that this is not the case.

An apprecia.ble.effect of inlet proportion on
Mach numbers-is indicated in figure 24. The drag

it “~asthought that ...:,---
drag rise, but fig- -- -“ ::

-.
---- ..—

the &ag at supersonic l==:..’12
of the NACA 1-40-400

fnlet at the highest test Mach ~uber (about.l.1~) was:ilessthan that .,
of the other inlets, and the drag of the solid body was intermediate

—.—-. .

between those of the inlets. The drag data R? thie MacLhnumber are : ‘“ ‘: ~“”:~
subject to tunnel bo.undafy”interference;how-ever,and it is necessary

--

to corroborate these..dragrelationships by reference to the pressure
drag.

:“ “.C2,—

-2/

A comparison of the forebody pressure-drag coefficient~ is presented ~ .::=
in the upper part of figure 25. The forebody pressure drag of a body
(additive drag plus ‘thedrag tinthe external-forebody surface) iS Of ._=- ,.:.

much significance since this quantity plus the skin .fr~tion on the . -,._--:E
external surface constitutes“alarge p~r.t.of.~hetotal external drag,

.-.

and since its transonic rise contributes a large amount to the total
.=...-

transonic drag rise. At the inlet-choked condition for, M. = 1.11, the “-- ~
.- .

Wnnel-reflectedbow shock affected the pressures on th$ !iACA1-W-200.. .... .- .;
and 1-50-200 inlets doi’nstresmof’the inaximum-diameter6tation (figs. 8
and 9), and the forebody pressure drag for tliiscond~t<gq iS therqfqre...” ..
equivalent to the free-flight value.

.-..
The”reflected shack struck the.

‘MCA 1-40-400 inlet ahead of the maximum-diameter station (fig. 10), but
----

the effect on the forebody pressure-tiag”coefficientwa# small (+0.005)
.—

because of the small change in body radius in the region affected. The
flagged symbols for the NACA 1-40-400 inlet in figure 25 were corrected .’1’”-”–=

.

for ,theeffect of the bow-shock reflection by fairing the press~e .- :.“=:=
diagram as indicated by the dashed curve in figure 14.

As stated previously in the discussion of the precision of the. ~ .,..~=,,
~-

measurements, changes in the forebody pressure-drag coefficient resulting

, _ —..=:. ..-
-.
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.

..

from changes in the Mach number are believed to be indicated more
reliably than the absolute drag-coefficient values. The transonic rise
in the forebody pressure-drag coefficients are
lower part of figure 25 as measured from ~ =
relationships of the inlets and the solid body
figure in a manner consistent with that of the
(fig. 24).

therefore shown in the
o.go. The drag-rise
are described by this
external-drag data

The Mach nunber effect on the forebody and afterbody pressure-drag
coefficients is shown in figure 26. The forebody and afterbody pressure-
drag coefficients appear to begin to rise at the ssme Mach nmber with
the forebody drag increase accounting formthe largest part of the drag “
rise. The data point from reference 4

( )
— = 0.95 indicates for the

NACA 1-40-200 nose inlet, a rising trend%in the forebody.pressure-drag
coefficient continuing up to a Mach nmber of at least 1.2. Since this
data point and the data point of the present tests for ~ = 1.105 are -
free of tunnel interference, and since it is clear that-the forebody
pressure drag should be too high at Mach numbers near 1.07 because of
the influence of the relatively strong bow-shock reflection on the fore-
body (see fig. 8), the interi?erence-freeforebody-drag curve might
conceivably be approximated by the solid curve shown in the supersonic
Mach number range. Similar approximations are sketched for the NACA
1-50-200 and 1-40-400 inlets in figure 26.

Pressure recovery.- The three inlets investigated had almost the
same pressure-recovery characteristics at zero angle of attack (fig. 27).
When plottedas a function of the relative mass-flow ratio (fig. 28),
little effect of Mach number or diffuser geometry on the pressure
recovery is shown. High pressure recovery was measured in every case-
when the relative mass-flow ratio was less then about 0.95. Above this
value, sonic inlet Mach nuniberwas approached and attained as the inlet
choked and yielded characteristically low pressure recovery. The
observed choking mass-flow ratios were within about 2 percent of the
theoretical one-dimensional values.

Adverse effects of angle of attack on the pressure recovery are
shOwn in figures 29 and 30. The maximum (choking) values of mass-flow
ratio, and the values of total-pressure ratio throughout most of the
mass-flow range diminished with increasing angle of attack. At ‘the
higher mass-flow ratios, decrements of about 0.05 in total-pressure
ratio resulted when the angle ‘ofattack was increased to 100. The pres-
sure recovery of the NACA 1-40-400 inlet diffuser was Iess sensitive to
angle of attack than that of the NACA 1-40-200.

Ssrnpletotal-pressure-ratio distributions are presented in figures 31
and 32 for each of the six diffuser rakes. The radial locations of the
inner and outer duct s~faces are indicated at the top of the”figures;

--

.<

.-

. . . .

.
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and the level of the static pressure is shown for each case. At-zero
angle of attack, the total pressure distribution was almost uniform
around the annulus throughout the Mach number range, and at mass-flow
ratios below the choking value. Uneven flow at the diffus’errakes was”
observed for the choking case, as is ill~trated by figure 32(d).

—.
,

The effect of angle of attack on the total-presstie”distribution
is illustrated by d&ta for an angle of-attack of 10°, “whichshow that
the flow tends to separate in the lower part.of the duct. The NACA
1-40-200 inlet suffered the worst in this ~espect, inasmuch as the total
pressure differential between the top and bottom of the duct was greater
for comparable cases (ftgs 31(c) and 32(e)), perhaps - a result of
the greater angle of the diffwier walls of the”NACA 1-40-200 inlet.
Improvement of the pressure.recovery of these inlets at angle of attack
will probably require”a thicker”lip at the bottom of the inlet, or the
recovery might perhaps be aided by skewing the inlet plane.

.7.
. ._ .-=

* ...

—

.—
.—

.L—

. .

CONCLUSIONS .:.—.-

The following conclusions were drawn from a study-of the aerodynamic
characteristics of three NACA l-series nose @lets for.a Mach number
range extending frcm about 0.6 to 1.1.

1. Throughout the test Mach number range; large increases in the
additive drag which resulted from reduct-ionof the mass-flow ratio were
accompanied by only moderate and approximately linear @creases in the ..
external drag. —.

2. The external-drag coefficients of the three inlets at the choked
condition were less than those of a well-shaped solid body at all Mach
numbers except for the case of the two shorter inlets at the supersonic
Mach numbers above abotit1~05.

3. The external-drag characteristics of the inlets-were not greatly
different throughout the subsonic Mach number range.
.

4. An appreciable effect of inlet proportion on the drag at super-
sonic speeds was indicated.

.

.-
-. ..

...

-

<-——.
—

5. At zero angle of attack, there was little effect of Mach number
or diffuser geometry on the mressure recovery when expressed as a func-
tion of the ~elativ= mass flaw. High pres.s~e.
than 0.95) was meas~ed in every case when the
was less than about O.~.

recove~y “(H/& greater —-.
relative ~ss-flow ratio -.—

.

.
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6. The observed choking values of mass-flow ratio were within
about 2 percent of the theoretical one-dhnensional values.

7. Adverse effects of angle of attack on the pressure recovery
were found. The maxhmn (choking) values of mass-flow ratio were reduced
and a loss of about .0.05in total-pressure ratio resulted when the angle
of attack was increased to 10° at the higher mass-flow ratios.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va.
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COORDINATES OF INLET LIP -

~11 coordinates in inche~

NACA l-series profile

—

LY

Y

x

NACA 1-40-400
nose inlet

NACA 1-40-200 I NACA 1-50-200
. nose inlet nose inlet

x

0.000
.05
.10
.15
.20
.218

1.047

Y

0.000
.074
.098
.110
.116
.116
. n6

x

0.000
.1
.2

::
.46g
1.299

Y x

o ● 000 0.00Q
.129 .069
.171 .169
.195 .269
.207 .369
.209 .469
.209 1.493

Inlet minimm area, sq in.
J

0.000
.100
.145
.170
.182
.186
.$86

..
.

J ----
7.475 6.559 10.693

~“’ ““- ‘“-”-.

.
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So[io! body (Referente 5) .

..
,mr
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—

Central faking coordhates

Central
xc

0:::5”

1.625
2.625
3.625
4.625
5.625
6.625

fairing A

0::0
.301
.736

1.113
1.432
[.693
1.895

2.040

—
.—
.
—
...

.. . ..
. .

.- --- , --. -w
. .

.
-. —-. ?H

,-..
r-

—. -

7.625
8.625

2.127-.
_ 2.156...

2.15612.414

- 3
rx-...4 -. --

central fairing BI
6 NACA [ -40-200 nose Inlet

. . —

S“
xc

0.000
‘c

0.000
.040 .088
.065 .111
.090
.190
.690

I,000
3.000
5.000

.. 7.000
9.000
11.000

13.000
[5.000
15.445
19.23c)

.131

.191 .
—

.367
.4!50
.910

1.280
1.580
1.815. .
1.990

See table I

\

central faking A
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3
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NACA I -50-200 nose inlet —

(a) Nose-inlet ad central-fairtig confl~rations. .
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.. .iF%ure&~.#Mc@el dimensions. - .-
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NACA l-series profile
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